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Generally speaking, the existence of a superluminal neutrino can be attributed either to re-entrant Lorentz violation at ultralow energy from intrinsic Lorentz violation at ultrahigh energy or to spontaneous breaking of fundamental Lorentz invariance (possibly by the formation of a fermionic condensate). Re-entrant Lorentz violation in the neutrino sector has been discussed elsewhere. Here, the focus is on mechanisms of spontaneous symmetry breaking.
PACS: 11.30.Cp, 11.30.Qc, 14.60.St It is possible that OPERA's claimed discovery [1] of a superluminal muon-type neutrino does not come from the violation of Lorentz invariance but from unknown factors in the clock-synchronization process [2] or from a purely statistical effect [3] . In fact, it has been shown [4] (1a) LI is not a fundamental symmetry but an approximate symmetry which emerges at low energies and is violated at ultrahigh energies (cf. [5] ).
1) e-mail: frans.klinkhamer@kit.edu, volovik@boojum.hut.fi (2) LI is fundamental but broken spontaneously (see, e.g., [7, 8] and references therein).
In this Letter, we discuss the spontaneous breaking of Lorentz invariance (SBLI), that is, the spontaneous appearance of a preferred frame in the vacuum, which can be derived from Lorentz-invariant physical laws. The order parameter of SBLI can be a vector field b α (for example, the vector field of Fermi-point splitting [9, 10] or an aether-type velocity field [11] ), an emergent tetrad-type field e 
with c the velocity of light in vacuo. In ( 
This action term corresponds to a momentumdependent mass term, 2) M = p α b α /c, which modifies the spectrum of the neutrino as follows:
Let us, for example, take b α to be a timelike vector, having (b 0 ) 2 − |b| 2 > 0 , and consider the particular reference frame with b = 0. Assume |b 0 | < 1. Then, the neutrino energy spectrum becomes
which is superluminal for b 0 = 0. The same happens for a spacelike vector b α . In the reference frame with b 0 = 0, the neutrino energy spectrum is given by
2) At this stage, it is clear that the same procedure can be fol- 
in a theory with 4-fermion or multi-fermion interactions of the following type:
with appropriate dimensional constants entering the function f . This scenario gives a possible realization of the phenomenological Coleman-Glashow model [18] in terms of fermionic condensates [7, 8] .
The second scenario involves another type of neutrino condensate, which also leads to SBLI. Specifically, this neutrino condensate gives rise to a tetrad-like field [12, 13, 14, 15] :
The induced tetrad field e a α must be added to the original fundamental tetrad E (0)α a = diag (−1, c, c, c) , and the fermionic action becomes
Using the induced tetrad field (e The tetrad-type neutrino condensate (8) may provide a realization of the hypothetical spin-2 field discussed in [19] . A recent paper [20] presents another model, where a scalar-field composite plays a similar role as our condensate e α a . Also related may be a geometric model [21] , based on a particular class of Finslerspacetime backgrounds, which essentially modifies the effective metric entering particle dispersion relations.
This completes our discussion of two possible scenar- The advantage of the spontaneous-symmetrybreaking scenario is that it stays fully within the realm of standard physics, which obeys special relativity. The multi-fermion interaction (7) can, in principle, originate from trans-Planckian physics, but we now have bounds [22, 23] 
